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Objective:The purpose of this article was to report our experience of the repair of renal artery restenosis after percutaneous
transluminal renal angioplasty (PTRA) using a total laparoscopic technique without robotic assistance.
Methods: Between February 2005 and October 2009, we performed six total laparoscopic aortorenal artery bypasses for
restenosis after failed PTRA. All these patients had recurrent hypertension with renal insufficiency.
Results: The mean operative time was 246 minutes (range, 200-310 minutes). The mean warm renal ischemic time was 28
minutes (range, 22-35 minutes). All patients received a prosthetic graft interposition. The estimated surgical blood loss
was 980 mL (range, 500-1400 mL). No conversion was observed and no in-hospital deaths occurred. There was no severe
postoperative morbidity. Postoperative serum creatinine levels raised in all patients but all returned to baseline before
discharge. Median length of postoperative hospital stay was 6 days (range, 4-8 days). Median follow-up was 13 months (range,
7-19 months). Color Doppler ultrasound scan examination and computed tomography (CT) with injection of contrast media
showed patency of all bypasses. Hypertension was improved in all patients but renal insufficiency remained unchanged.
Conclusion: Total laparoscopic renal artery bypass is feasible and safe in patients after failed PTRA. This approach may
reduce the morbidity of open repair but is technically demanding and necessitates a large previous experience in total
laparoscopic aortic surgery. (J Vasc Surg 2011;53:87-91.)Despite the enthusiasm for percutaneous renal artery
stenting (PTRA), restenosis after this procedure is reported
in a substantial number of patients ranging from 17% to
44%.1-5 In these cases, percutaneous angioplasty with or
without re-stenting is usually performed with a moderate
retained clinical benefit,6 but open surgery with construc-
tion of a renal artery bypass is also an option with excellent
long-term patency.7,8 However, in these published reports,
the operative mortality of renal artery bypass for failed
PTRA has ranged from 2.2%8 to 9.4%.7 Over the last 7
years, laparoscopic techniques have been used in the field of
aortic surgery and, even if this technique has not gained
widespread acceptance, we considered total laparoscopic
renal artery bypass as an option in 6 consecutive patients
with renal artery restenosis after failed PTRA. We discuss in
this report the technical points and the main results of this
new surgical approach.
MATERIALS AND METHODS
Between February 2005 and October 2007, 6 patients
(4 men and 2 women) with renal artery restenosis after
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technique. During the same time period, we performed in
our department 92 total laparoscopic aortic bypasses and
66 PTRAs. No open renal bypass for failed PTRA was done
during this time period.
Preoperative, intraoperative, and postoperative data in-
cluding age, significant morbidities, American Society of
Anesthesiology (ASA) classification,9 indication for initial
stenting, estimated glomerular filtration rate (eGFR), time
to renal bypass after stenting, number of blood pressure
medications, total operative time, aortic clamping time,
warm renal ischemic time, blood loss, time to diet, ambu-
lation, early postoperative eGFR, length of stay in the
hospital, and patency during follow-up were recorded.
Preoperative data are summarized in Table I. Renal
artery restenosis was assessed in all cases by color Doppler
echography scan and computed tomography (CT) angiogra-
phy scan with contrast injection. All 6 patients presented with
significant intra-stent renal artery restenosis, three on the right
side and three on the left side. All 6 patients had a preoperative
diagnosis of hypertension, defined as systolic blood pressure
140 mm Hg, diastolic blood pressure 90 mm Hg, and 4
had an occurrence of at least one episode of acute pulmonary
edema associated with hypertension. Three patients had one
functioning kidneywith renal artery restenosis. Renal dysfunc-
tionwas categorized as severe in 2 patients with an eGFR30
mL/min/1.73 m2 and moderate in 4 patients with an eGFR
of 30 to 60 mL/min/m2.
Surgical technique
Left renal artery bypass. Total laparoscopic left renal
artery bypass was performed by a transperitoneal prerenal
87
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10-mm trocar was placed by the open laparoscopic tech-
nique in the left mid-axillary line 3 to 4 cm below the
chondrocostal junction. The other five trocars were intro-
duced under visual control after establishing a pneumoperi-
toneum at a pressure of 13 mmHg (Fig 1). The left side of
the colon was then reflected off the kidney by incision of the
Toldt fascia. After ligature and section of the left genital
vein, dissection was continued to the left renal vein, which
was completely mobilized with ligature and section of the
left adrenal vein to obtain a complete visualization of the
aorta and of the left renal artery from its origin to its
bifurcation (Fig 2, A).
The infrarenal aorta, that was severely calcified in 4
patients, was exposed using a 30° or 45° angled viewing
endoscope to facilitate circumferential aortic visualization
required for clamping. Dissection of the aorta was extended
below the origin of the inferior mesenteric artery to find an
aortic segment adequate for construction of the anastomo-
sis of the polytetrafluoroethylene (PTFE) graft.
A 7-mm polytetrafluoroethylene graft (Gore & Associ-
ates SARL, Paris France) was used in all these patients. One
end of the PTFE graft was suture-closed using polypro-
pylene and the other end was anastomosed to the aorta.
After systematic heparinization, the aorta was cross-
Table I. Demographic data and renal artery lesion charact
Patient
Gender/
age ASA
Indication for initial
stenting Como
1 M/60 III HTN/RS/solitary kidney Diabetes/
heart fai
2 F/68 III HTN/RS Congestive
3 M/66 III HTN/RS COPD
4 M/72 III HTN/RS/solitary kidney Diabetes/
heart fai
5 M/70 III HTN/RS Congestive
6 F/79 III HTN/RS/solitary kidney COPD
ASA, American Society of Anesthesiology; BP, blood pressure; COPD, ch
(mL/min/1.73 m2); HTN, arterial hypertension; RS, renal stenosis.
Fig 1. Positioning of the patient with an inflatable bolster
placed under the left flank and tilted to the right at 45 degrees
with placement of the laparoscopic trocars: 1, proximal aortic
clamp; 2, dissecting instruments and needle holder; 3, bowel
retractor; 4, assistant operating channel for suction; 5, distal
aortic clamp; and 6, camera.clamped using dedicated laparoscopic clamps (B/Braun/Aesculap, Tuttlingen, Germany), and introduced through
trocars #5 and #6. The anastomosis was constructed be-
tween the left side of the aorta and the PTFE graft using
two running 5/0 polypropylene sutures blocked at one end
ics
ties
Preoperative
eGFR
Number of BP
medications
Side
operated
Time to renal
bypass (mos)
stive 28 3 Left 6
t failure 30 3 Left 8
58 3 Left 18
stive 27 5 Right 13
t failure 53 4 Right 3
60 4 Right 7
obstructive pulmonary disease; eGFR, estimated glomerular filtration rate
Fig 2. A, Operative view showing the exposure of the left renal
artery from its origin to its bifurcation with dissection of the left
renal vein. B, Operative view showing a left aorto-renal bypass
implanted on the left side of the infrarenal aorta with a distal
end-to-end anastomosis on the renal artery.erist
rbidi
conge
lure
hear
conge
lure
hearwith a pledget to avoid having to tie the first knot. After
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was clamped between two releasable laparoscopic clamps
(B/Braun/Aesculap). The renal artery was ligated near its
origin, and the distal end was transected obliquely. The
renal stent was removed in 3 patients and in the remaining
3 patients it was suture-secured within the proximal liga-
ture at the origin of the renal artery. An end-to-end anas-
tomosis was done between the PTFE graft and the
transected left renal artery with a running 6/0 polypro-
pylene suture completed with an intracorporeal knot using
the laparoscopic instruments (Fig 2, B).
Right renal artery bypass graft. The patient was
positioned on the opposite side (Fig 2,A) in a complete left
lateral decubitus position, the intestinal loops being col-
lected on the left side of the abdominal cavity. Position of
the trocars was symmetrically inversed as compared to the
previous left renal approach. Incision of the Toldt fascia was
followed bymobilization of the right side of the colon. This
maneuver exposes the duodenum and opens the right
pre-renal space. The right renal vein was mobilized to
obtain a complete visualization of the right renal artery.
The infrarenal aorta was then dissected as previously de-
scribed. After completion of the aortic anastomosis, the
right renal artery was clamped and ligated near its origin
and its distal end transected obliquely. The right renal
artery was then transposed in front of the vena cava (Fig 3,
A), and an end-to-end anastomosis was done between the
PTFE graft and the transected right renal artery (Fig 3, B).
Intraoperative angiography using a transfemoral percuta-
neous catheterization was done in all patients (Fig 3, C).
The last step was to cover the graft with the prerenal fascia
to isolate it from the third segment of the duodenum.
In each of these 6 patients, the aortorenal bypass was
constructed with no robotic assistance and no renal artery
perfusion. Clamping of the aorta was not a problem in this
series, despite extensive calcifications of the aorta in 4 patients.
In these cases, the calcifications from the aortic wall were
removed using grasping forceps (Karl Storz-France SA, Paris,
France) before proceeding with the aortic anastomosis. No
patient required conversion to open repair. Color Doppler
echography scan and contrast enhanced CT scan were carried
out at 1 month and thereafter on a yearly basis.
RESULTS
The operative and the postoperative data are summarized
in Table II. No in-hospital deaths occurred. Postoperative
serum creatinine levels rose in all patients but returned to
Fig 3. A, Operative view showing the right renal artery anasto-
mosis. This exposure was obtained after incision of the Toldt fascia
and mobilization of the right side of the colon and of the duode-
num, followed by dissection of the left renal vein at its junction
with the inferior cava. B, Operative view showing the completed
right aortorenal bypass with transposition of the renal artery in
front of the vena cava. C, Control aortogram of the right aortore-
nal bypass (black arrow), showing also a left renal artery stenosis
(white arrow).
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dialysis. There was a moderate improvement at 6 months and
at 1 year in the status of hypertension with a mean of 2.3
antihypertensive drugs per patient vs 3.6 before bypass. All
grafts were patent with no hemodynamic or morphologic
anomalies observed on color Doppler ultrasound scan studies
at discharge and on CT angiography performed 1 year after
the procedure (Fig 4).
DISCUSSION
Laparoscopic surgery has been applied recently to the field
Table II. Renal bypass, operative and postoperative data
Patient
Operative
time
(min)
Renal warm
ischemic
time (min)
Aortic
clamping
time (min)
Blood
loss (mL)
Preopera
eGFR
1 240 22 18 500 28
2 200 30 23 1200 30
3 200 29 25 1000 58
4 310 35 38 1400 27
5 230 26 20 800 53
6 240 25 25 1000 60
All bypasses were done using a 7-mm polytetrafluoroethylene graft; eGRF,
Fig 4. Contrast-enhanced computed tomographic scan of a left
aortorenal bypass at 12 months in 1 patient with a solitary kidney.of vascular surgery to reduce the postoperative trauma andminimize incision-related complications.11 In 2001, Gill et
al12 performed the first laparoscopic repair of a renal artery
aneurysm, followed by Luke et al13 and Giulianotti et al14
who both described robot-assisted laparoscopic repair of renal
aneurysms. To our knowledge, the present article represents
the first report of renal artery bypasses by total laparoscopic
technique for renal artery restenosis after failed PTRA.
The actual results of open surgery after failed renal
angioplasty have been reported by Wong et al7 with a
postoperative mortality of 9.4% among the 32 patients with
atherosclerotic renovascular disease and 3 patients that
became dialysis-dependent and one late graft thrombosis.
This study showed less reduction in blood pressure from
surgical bypass after failed PTRA compared with patients
managed with surgical revascularization only (57% vs 89%;
P  .001). In addition, the glomerular filtration rate did
not significantly improve after surgical bypass.
Similarly, the outcomes of endoluminal reintervention
for restenosis after failed PTRA have been reported by
Davies et al.6 In this series of 619 PTRAs, 80 renal arteries
became re-stenosed with an actual restenosis rate of 19% at
5 years. In these 80 patients, endoluminal reintervention
was associated with a 4% technical failure rate, a 70%
cumulative patency rate, and a retained clinical benefit of
only 46% at 3 years, defined by the composite endpoint of
reduced hypertension and renal-related morbidity.
As described byWong et al,7 we did not find any benefit
after renal bypass regarding eGFR, however, the blood
pressure was moderately improved with less anti-hyperten-
sive drugs and no hypertensive emergencies during the first
year of follow-up (Table II). As a result, we do not consider
laparoscopic renal artery bypass in this short series as a failed
experiment even if renal insufficiency was not improved by
the procedure. Furthermore, postoperative mortality was
nil in our series and there was no significant morbidity.
Given themoderate retained clinical benefit of endoluminal
intervention after failed PTRA6 and the high mortality rate
of open surgery in these patients,7 we consider total lapa-
roscopic renal artery bypass to offer an alternative to open
surgery as it will give the benefit of surgical bypass8 without
the risks of an invasive procedure.
The drawback of laparoscopic renal artery bypass is that it
is not an easy procedure. A wide and stable exposure of the
Postoperative
eGFR
(day 1)
Postoperative
eGFR (at
discharge)
Time to
diet
(days)
Length of
stay
(days)
Blood pressure
medications (n)
preoperative/6
months
20 30 2 5 3/2
23 34 1 4 3/1
45 50 2 5 3/2
22 26 3 8 5/3
35 60 1 4 4/3
40 62 1 4 4/3
ted glomerular filtration rate (mL/min/1.73 m2).tiverenal artery is required. On either side, mobilization of the
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origin to its branches. For the left renal artery, the bypass
should be implanted on the left side of the aorta to avoid
coiling and kinking once the left mesocolon is repositioned at
the end of the procedure. When considering the right renal
artery approach, it is more complicated. We used a right
retrocolic approach to fully expose the right kidney. After this,
dissection of the left and right renal veins and of the vena cava
is needed to transpose the right renal artery in front of the vena
cava for a better exposure of the anastomosis between the graft
and the renal artery. However, despite these difficulties, the
laparoscopic technique offers some advantages such as an
enhanced field of vision (Fig 3, A) and better control of the
distal renal artery, allowing a more precise dissection and
better conditions for the arterial anastomosis, comparable to
that completed under binocular loupe magnification.
Clamping of the aorta was not a problem in this series
despite extensive aortic calcifications in 4 patients. How-
ever, in these cases, the anastomosis between the aorta and
the PTFE graft was difficult, requiring the removal of the
aortic calcifications using grasping forceps. In 2 such cases,
we observed a suture-line hemorrhage and tears after com-
pletion of the aortic anastomosis explaining the significant
blood loss observed in these patients.
Clamping time of the renal artery is another chal-
lenge of total laparoscopic renal artery bypass, because
warm renal ischemia should be as short as possible,
particularly in this series where three bypasses were con-
structed in patients with a single functioning kidney. In
this study, the mean clamping time was 28 minutes
(Table II), this was obtained without any robotic device
but due to our extensive experience in aortic laparo-
scopic surgery.15 As we perform laparoscopic aortob-
ifemoral bypass on a routine basis, the laparoscopic
approach of the renal arteries was not a challenge for us.
However, we agree that total laparoscopic renal bypass
remains technically demanding and that training and
previous experience in total laparoscopic aortic surgery
with more than 50 successful cases is probably needed to
achieve these good results. Unfortunately, laparoscopic
aortic surgery is not a popular technique and, as such,
gaining experience may be difficult. Laparoscopic aortic
surgery has been adopted by only a few surgeons, and the
numbers of patients operated on remain small. In
2008,16 we identified only 1073 patients that received
laparoscopic aortic surgery. This can be explained first by
the need of time-consuming training and second because
it is more and more difficult to identify patients in whom
laparoscopic aortic surgery would be the preferred tech-
nique over endovascular techniques.17 It is, therefore,
difficult to recommend laparoscopic renal artery surgery
even if it works well for a small number of well-trained
and motivated surgeons.
CONCLUSION
Total laparoscopic renal artery bypass is feasible. How-
ever, it remains technically demanding and previous expe-rience in total laparoscopic aortic surgery is essential before
embarking on this technique.
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